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Monitor  device. 

®  A  monitoring  device,  comprising  a  transmitter 
and  a  receiver  for  transmitting  and  receiving,  respec- 
tively,  a  signal  in  a  medium  to  be  monitored.  During 
a  cycle  of  m  sampling  periods  n  sampling  values  are 
taken  of  the  signal  received  during  each  sampling 
period.  After  completion  of  each  cycle  a  series  of  n 
mean  sampling  values  is  determined  by  determining 
a  mean  value  from  the  m  sampling  values  taken  at 
corresponding  instants  in  the  sampling  periods.  This 

rm  series  forms  an  actual  pattern  word  which  is  sub- 
^   divided  into  sub-pattern  words,  each  sub-pattern 

word  being  combined  with  a  corresponding  sub- 
p}  pattern  word  from  a  reference  pattern  word  in  order 
Iftto  form  a  combination  word.  The  combination  word 

'\s  translated  into  a  code  number  which  is  selected 
j^from  a  predetermined  series  of  code  numbers.  The 
^ c o d e   number  assigned  characterizes  the  time  shift  of 
Qthe  actual  sub-pattern  word  with  respect  to  the  refer- 

ence  pattern  word.  For  each  cycle  there  is  deter- 
g-  mined  a  series  of  sum  numbers  which  represent  how 

many  times  each  code  number  has  been  assigned. 
This  series  of  sum  numbers  is  tested  with  respect  to 

a  criterion.  If  one  or  more  sum  numbers  of  the  series 
exceeds  the  limit  value,  given,  a  signal  is  generated, 
for  example  an  alarm  signal. 
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Monitoring  device. 

The  invention  relates  to  a  monitoring  device, 
comprising  a  central  unit  whereto  there  are  con- 
nected  a  transmitter  for  periodically  transmitting  a 
pulse  train  into  a  medium  to  be  monitored  and  a 
receiver  for  receiving  the  puise  train  which  is  trans- 
ported  by  the  medium  -and  which  is  formed  by  a 
wave  group,  which  central  unit  comprises  a  control 
member  of  controlling  the  monitoring  device  and  a 
sampling  unit  which  is  connected  to  the  receiver 
for  taking,  in  correlation  with  the  transmission  of  the 
pulse  train  and  each  time  within  a  sampling  cycle, 
a  series  of  n  (n  >  3)  sampling  values  from  the  wave 
group  received,  and  for  forming  an  actual  pattern 
word  from  said  series,  which  control  member  is 
connected  to  a  signal  generator  and  comprises  a 
reference  memory  for  storing  a  reference  pattern 
word  formed  during  apreceding  cycle,  which  con- 
trol  member  also  comprises  a  control  unit  which  is 
connected  to  the  reference  memory  and  which 
comprises  a  comparator. 

A  monitoring  device  of  this  kind  is  known  from 
European  Patent  Application  No.  0,026,383.  The 
known  monitoring  device  is  formed  by  an  alarm 
device  which  comprises  a  transmitter  which  trans- 
mits  a  pulse  train  into  the  medium  which  is  formed 
by  glass.  The  wave  group  received  by  the  receiver 
is  sampled  by  means  of  the  sampling  unit.  During 
such  a  sampling  period,  n  samples  of  the  signal 
received  are  taken.  In  order  to  remove,  using  aver- 
aging,  interference  signals  which  are  not  relevant 
for  the  detection  of  an  alarm  situation,  sampling  is 
cyclically  repeated  in  cycles  of  m  sampling 
periods.After  termination  of  each  cycle,  a  series  of 
n  mean  sampling  values  is  determined  by  deter- 
mining  each  time  a  mean  value  from  the  m  sam- 
pling  values  taken  at  corresponding  instants.  The 
series  thus  determined  forms  an  actual  pattern 
word  which  is  subsequently  compared  with  a  refer- 
ence  pattern  word.  The  reference  pattern  word  is 
formed,  for  example  during  a  preceding  cycle  or  is 
formed  by  a  reference  pattern  word  representing  a 
non-disturbed  signal  received.  When  comparison 
by  the  comparator  reveals  that  the  actual  pattern 
word  and  the  reference  pattern  word  do  not  cor- 
respond,  the  signal  generator  is  activated  so  as  to 
generate  an  alarm  signal. 

It  is  a  drawback  of  the  known  monitoring  de- 
vice  that  the  risk  of  a  false  alarm  is  high  because  a 
simple  comparison  does  not  adequately  take  into 
account  a  variety  of  changes  liable  to  occur  in  the 
signal  received.  Such  changes  do  not  necessarily 
imply  an  alarm  situation;  they  could  be  due  to 
temperature  fluctuations,  fluctuations  in  the  relative 
humidity  of  the  medium,  or  other  external  factors. 

It  is  the  object  of  the  invention  to  provide  a 

monitoring  device  in  which  the  risk  of  false  alarm  is 
negligibly  snail  and  in  which  said  variety  of 
changes  can  be  detected  and  taken  into  account. 

To  achieve  thus,  a  monitoring  device  in  accor- 
5  dance  with  the  invention  is  characterized  in  that  the 

control  unit  is  also  suitable  for  sub-dividing  the 
period  of  the  wave  group  received  into  a  further 
number  of  n/j  (j>1)  sub-periods  and  for  sub-dividing 
the  actual  pattern  word  and  the  reference  pattern 

10  word  into  n/j  j-bit  first  sub-pattern  words  and  sec- 
ond  sub-pattern  words,  respectively,  each  j-bit  sub- 
pattern  word  representing  a  signal  component  in  a 
respective  sub-period  of  the  wave  group,  which 
comparator  is  suitable  for  forming  each  time  a 

75  combination  word  from  a  first  sub-pattern  word  and 
a  second  sub-pattern  word  originating  from  cor- 
responding  sub-periods,  which  comparator  also 
comprises  a  code  number  generator  for  assigning 
a  code  number  from  a  predetermined  series  of 

20  code  numbers  to  each  combination  word,  which 
code  numbers  represent  a  respective  measiire  of 
the  shift  in  time  of  the  signal  components,  "as 
represented  by  the  first  sub-pattern  word  of  their 
respective  combination  word,  with  respect  to  the 

25  signal  component  as  represented  by  the  second 
sub-pattern  word  of  their  respective  combination- 
word,  which  control  member  also  comprises  a 
counter  system  which  is  connected  to  the  code 
number  generator  and  which  is  suitable  for  deter- 

30  mining  for  each  of  the  code  numbers  a  first  sum 
number  which  indicates  the  number  of  times  that 
the  relevant  code  number  has  been  assigned  within 
one  and  the  same  cycle,  which  control  unit  is  also 
suitable  for  checking  whether  the  first  sum  num- 

35  bers  exceed  limit  values  given  by  a  predetermined 
criterion  and  for  activating  the  signal  generator 
when  the  criterion  is  exceeded. 

The  wave  group  received  is  sub-divided  into 
sub-periods  in  order  to  take  into  account  the  signal 

40  component  within  each  of  the  sub-periods.  Such  a 
signal  component  is  represented  by  a  j-bit  sub- 
pattern  word  which  is  obtained  by  sub-dividing  the 
n-bit  pattern  word  in  the  same  manner  as  used  for 
the  sub-division  into  the  sub-periods.  The  first  sub- 

45  pattern  word  each  time  identifies  a  sub-period  of 
the  actual  wave  group  received  and  the  second 
sub-pattern  word  each  time  identifies  a  correspond- 
ing  sub-period  of  a  reference  signal  which  is  pref- 
erably  formed  by  the  wave  group  received  during 

50  the  preceding  cycle.  The  extent  of  the  shift  in  time 
of  the  signal  component  as  represented  by  the  first 
sub-pattern  word  with  reference  to  the  signal  com- 
ponent  as  represented  by  the  second  sub-pattern 
word  is  now  given  by  the  code  number  assigned  to 
the  combination  word.  By  using  also  the  first  sum 
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numbers,  each  of  which  indicates  how  many  times 
their  associated  code  number  has  occurred,  and  by 
testing  the  sub-numbers  on  the  basis  of  a  criterion, 
an  accurate  impression  can  be  obtained  as  regards 
which  shifts  in  time  have  occurred  in  the  actual 
wave  group  with  respect  to  the  selected  reference. 
Thus,  the  signal  generator  is  activated  only  if  pre- 
determined  limit  values  are  exceeded  by  one  or 
more  first  sum  numbers.  Utilizing  the  monitoring 
device  in  accordance  with  the  invention,  shifts  in 
time  can  be  distinguished  from  one  another.  The 
possibility  of  making  a  distinction  in  these  shifts 
enables  more  accurate  detection  and  substantially 
reduces  the  risk  of  a  false  alarm. 

A  first  preferred  embodiment  of  a  monitoring 
device  in  accordance  with  the  invention  is  char- 
acterized  in  that  the  control  unit  comprises  a  ratio 
factor  generator  for  determining  a  ratio  factor  from 
the  ratio  of  the  first  sum  numbers  associated  with 
code  numbers  representing  an  advancement  in 
time  and  the  first  sum  numbers  associated  with 
code  numbers  representing  a  retardation,  which 
control  unit  is  also  suitable  for  forming  a  second 
sum  number  by  summing  the  sum  values  asso- 
ciated  with  code  numbers  representing  shifts  in  a 
predetermined  time  interval,  which  control  unit  is 
also  suitable  for  forming  a  combination  number 
from  the  second  sum  number  and  the  ratio  factor 
and  for  activating  the  signal  source  if  said  combina- 
tion  number  forms  part  of  a  predetermined  number 
of  combination  numbers  The  combination  number 
enables  simple  testing  of  the  first  sum  numbers 
with  respect  to  the  criterion.  The  ratio  factor  char- 
acterizes  the  direction  of  the  shifts  in  time,  whilst 
the  second  sum  number  provides  an  impression  of 
the  magnitude  of  the  shifts. 

A  second  embodiment  of  a  monitoring  device 
in  accordance  with  the  invention  is  characterized  in 
that  the  pulse  train  to  be  transmitted  is  composed 
of  a  mainly  sinusoidal  wave  pattern,  the  shifts  in 
time  as  represented  by  the  code  numbers  repre- 
senting  each  time  a  phase  shift  within  a  predeter- 
mined  phase  range.  Phase  shifts  occurring  in  marn- 
ly  sinusoidal  signals  can  be  simply  detected  so 
that  shifts  in  time  can  also  be  simply  detected. 

Preferably,  the  phase  range  is  sub-divided  into 
regions  of  each  time  60°  (*-/3),  a  sub-pattern  word 
being  associated  with  each  region  thus  formed.  As 
a  result,  the  series  of  code  numbers  is  limited  and 
reliable  detection  is  still  possible. 

A  third  preferred  embodiment  of  a  monitoring 
device  in  accordance  with  the  invention  is  char- 
acterized  in  that  the  control  member  comprises  a 
memory  in  which  indicators  are  stored  in  memory 
locations  which  can  be  addressed  by  combination 
numbers,  which  indicators  represent  each  time  an 
activation  signal  for  the  signal  source.  Testing  with 
respect  to  the  criterion  is  thus  simple. 

Preferably,  the  code  number  generator  com- 
prises  a  further  memory  in  which  the  series  of 
code  numbers  are  stored  and  which  can  be  ad- 
dressed  by  a  address  formed  by  the  combination 

5  word.  The  assignment  of  the  code  number  is  thus 
simply  implemented. 

When  the  control  member  comprises  a  mean 
value  determining  device  for  forming,  each  time 
after  completion  of  a  cycle  of  m  (m  >  1)  sampling 

10  periods,  a  further  series  of  n  mean  sampling  values 
by  determining  a  mean  value  from  the  sampling 
values  taken  in  the  corresponding  sub-periods  of 
each  of  the  m  sampling  periods  of  the  same  cycle, 
and  for  forming  the  actual  pattern  word  from  said 

75  further  series,  the  mean  value  determing  device 
preferably  comprises  a  register  memory  having  n 
memory  locations,  an  address  generator  for  gen- 
erating,  in  synchronism  with  the  taking  of  each  of 
the  kth  (1  S  k  S  n)  sampling  value  by  the  sampling 

20  unit,  each  time  a  kth  address  for  addressing  the  kth 
memory  location  of  the  register  memory,  and  a 
counter  which  is  connected  to  a  data  port  of  said 
register  memory  and  to  an  output  of  the  sampling 
unit,  which  mean  value  forming  device  is  suitable 

25  for  presenting,  in  response  to  the  presentation  of  a 
sampling  value  originating  from  the  sampling  unit, 
the  contents  of  the  addressed  memory  location  to 
the  counter  which  is  suitable  for  adding  the  sam- 
pling  value  presented  to  said  contents  presented, 

30  which  mean  value  determining  device  is  also  suit- 
able  for  storing  the  addition  result  of  the  counter  at 
the  addressed  memory  location.  As  a  result,  the 
mean  value  can  be  quickly  and  simply  determined. 

Preferably,  the  sampling  frequency  amounts  to 
35  three  times  the  pulse  frequency  of  the  transmitted 

pulse  train.  This  enables  the  assignment  of  reliable 
code  numbers. 

Preferably,  said  series  of  code  numbers  com- 
prises  a  first  code  number  which  represents  the 

40  disappearance  of  the  wave  group  received  and 
second  code  number  which  represents  a  phase 
jump  in  a  signal  component  in  the  wave  group 
received,  the  control  unit  being  suitable  for  activat- 
ing  a  warning  signal  if  within  a  cycle  said  first  or 

45  second  code  number  has  occurred  a  number  of 
times  which  exceeds  a  predetermined  number. 
Phase  jumps  and  the  disappearance  of  the  signal 
received  can  thus  also  be  taken  into  account. 

A  fourth  preferred  embodiment  of  a  monitoring 
so  device  in  accordance  with  the  invention  is  char- 

acterized  in  that  the  control  unit  comprises  an 
amplitude  control  signal  generator  for  generating  a 
series  of  amplitude  control  signals,  each  control 
signal  of  the  series  indicating  a  well-defined  am- 

55  plitude  of  the  pulses  of  the  pulse  train  to  be  trans- 
mitted,  which  monitoring  device  comprises  a  con- 
trol  circuit,  a  control  input  of  which  is  connected  to 
the  amplitude  control  signal  generator  in  order  to 



0  278  538 

receive  amplitude  control  signals,  an  output  thereof 
being  connected  to  the  transmitter,  which  control 
circuit  comprises  adjusting  means  for  adjusting, 
under  the  control  of  a  control  signal  received,  the 
pulse  amplitude  of  the  pulse  train  to  be  transmitted 
to  a  level  indicated  by  the  control  signal  received, 
which  control  unit  is  suitable  for  verifying,  during  an 
adjustment  phase  of  the  monitoring  device,  wheth- 
er  an  amplitude  adjusted  by  means  of  a  selected 
amplitude  control  signal  will  lead  to  the  predeter- 
mined  criterion  being  exceeded,  and  for  selecting, 
when  the  criterion  is  exceeded,  a  further  amplitude 
control  signal  which  represents  a  higher  amplitude. 
The  use  of  the  control  circuit  and  the  control  unit 
offers  automatic  adjustment  of  the  amplitude  of  the 
pulse  train  to  be  transmitted.Each  time  when  it  is 
detected  during  the  set-up  phase  that  the  selected 
amplitude  directly  leads  to  the  criterion  being  ex- 
ceeded,  the  amplitude  of  the  pulse  train  to  be 
transmitted  is  increased  by  selection  of  a  further 
amplitude  control  signal  and  it  is  checked  again 
whether  the  new  amplitude  value  again  leads  to  the 
criterion  being  exceeded.  Thus,  a  suitable  ampli- 
tude  for  the  medium  is  automatically  selected. 

A  fifth  preferred  embodiment  of  a  monitoring 
device  in  accordance  with  the  invention  is  char- 
acterized  in  that  the  control  unit  comprises  a  re- 
adjustment  unit  which  comprises  a  first  counter  for 
counting  the  total  number  of  times  that  code  num- 
bers  representing  a  shift  in  time  which  deviates 
from  zero  have  occurred  within  a  number  of  cycles, 
which  re-adjustment  unit  is  connected  to  the  am- 
plitude  control  signal  generator  and  is  suitable  for 
selecting  an  amplitude  control  signal  indicating  a 
lower  and  a  higher  amplitude,  respectively,  if  said 
total  number  of  times  within  a  further  predeter- 
mined  number  of  cycles  is  smaller  and  larger, 
respectively,  than  a  predetermined  number.  The 
use  of  a  re-adjustment  unit  offers  the  possibility  of 
adapting  the  amplitude  of  the  pulse  train  to  be 
transmitted  to  changing  circumstances  during  op- 
eration  of  the  monitoring  device  for  example  to 
temperature  fluctuations. 

The  invention  will  be  described  in  detail 
hereinafter  with  reference  to  the  drawings;  therein: 

Fig.  1  shows  an  embodiment  of  a  monitoring 
device  in  accordance  with  the  invention; 

Fig.  2  shows  an  embodiment  of  a  control 
member  for  a  monitoring  device  in  accordance  with 
the  invention; 

Fig.  2a  illustrates  a  shift  in  time  of  a  signal 
component  of  a  wave  group; 

Fig.  3  (a-f)  shows  six  sinusoidal  waves,  each 
of  which  has  been  shifted  60°  in  phase  with  re- 
spect  to  its  predecessor; 

Fig.  4  shows  a  table  of  code  numbers; 

Fig.  5  shows  a  flowchart  representing  a  con- 
trol  program  for  the  control  of  the  monitoring  de- 
vice; 

Fig.  6  illustrates  a  detection  criterion; 
5  Fig.  7  shows  an  extension  to  the  -control 

program; 
Fig.  8  shows  a  control  circuit  for  adjusting 

the  amplitude  of  the  pulses  of  the  transmitted  pulse 
train; 

io  Fig.  9  shows  a  flowchart  of  an  initialization 
routine  for  adjusting  the  pulse  amplitude,  and 

Fig.  10  shows  a  flowchart  of  a  re-adjustment 
program. 

A  monitoring  device  which  acts  as  an  alarm 
75  device  is  chosen  as  an  example  for  the  purpose  of 

the  description. 
Fig.  1  shows  an  embodiment  of  an  alarm  de- 

vice  in  accordance  with  the  invention.  The  medium 
1  on  which  or  in  which  the  alarm  device  is  ar- 

20  ranged  is  formed,  for  example  by  glass  or  a  space 
to  be  protected,  for  example  the  interior  of  a  room 
or  a  car.  On  or  in  the  medium  there  are  arranged  a 
transmitted  3  and  a  receiver  4  which  may  consist 
of  the  same  elements  or  of  separate  elements  and 

25  which  are  connected  to  a  central  unit  2.  The  central 
unit  comprises  a  control  member  5,  an  output  of 
which  is  connected  to  an  alarm  generator  9  which 
controls  a  signal  source,  for  example  an  alarm  bell 
or  an  alarm  lamp  10.  The  central  unit  2  also  com- 

30  prises  a  signal  source  6,  for  example  a  piezoelec- 
tric  crystal  which  is  connected  to  the  control  mem- 
ber  5.  The  signal  source  supplies  the  transmitter  3 
with  a  pulse  train  having  a  predetermined  pulse 
frequency  f0  This  signal  is  preferably  formed  by  a 

35  sinusoidal  signal  or  by  a  signal  which  is  composed 
of  a  plurality  of  sine  waves  and  which  is  treated  in 
accordance  with  the  known  Fourier  analysis  meth- 
od.  The  control  member  is  also  connected  to  a 
sampling  unit  8,  an  input  of  which  is  connected  to 

40  the  receiver  4  via  a  zero  crossing  detector  7,  a 
further  input  being  connected  to  an  output  of  the 
signal  source  6. 

The  transmitter  3  transmits  the  pulse  train  hav- 
ing  a  pulse  frequency  f0  through  the  medium.  The 

45  receiver  4  receives  the  pulse  train  which  is  trans- 
ported  through  the  medium  and  which  is  formed  by 
a  wave  group.  If  no  changes  occur  in  the  medium, 
hardly  any  change  will  occur  in  the  wave  group 
received.  However,  if  a  change  occurs  in  the  me- 

50  dium,  for  example  due  to  a  glass  fracture  or  the 
presence  of  an  intruder,  changes  will  occur  in  the 
wave  group,  for  example  phase  shifts  or  amplitude 
changes.  For  the  analysis  of  the  wave  group  re- 
ceived  the  central  unit  comprises  a  zero  crossing 

55  detector  7  which  analyzes  the  wave  group  received 
as  regards  zero  crossings  and  which  encodes  a 
negative  value,  for  example  as  a  logic  "0"  and  a 
positive  value  as  a  logic  "1".  The  zero  crossing 
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detector  thus  also  acts  as  an  analog-to-digital  con- 
verter.  The  bit  stream  supplied  by  the  zero  cross- 
ing  detector  is  sampled  by  sampling  unit  with  a 
sampling  frequency  f,  which  amounts  to  a  multiple 
of  the  pulse  frequency  f0.  The  sampling  frequency 
preferably  amounts  to  three  times  the  pulse  fre- 
quency  fo.  The  frequency  f,  =  3f0  is  attractive 
because  it  enables  a  reasonably  reliable  analysis  of 
the  signal  received,  as  will  be  described  in  detail 
hereinafter.  The  samples  taken  by  the  sampling 
unit  are  applied  to  the  control  member  5  for  further 
processing. 

Fig.  2  shows  an  embodiment  of  the  control 
member  5.  It  comprises  a  control  unit  20,  for  exam- 
ple  a  micro-processor,  for  controlling  the  further 
elements  of  the  control  member.  The  control  mem- 
ber  also  comprises  a  communication  bus  (data  bus 
+  address)  28  whereto  there  are  connected  a  first 
memory  22,  a  reference  memory  23,  a  register  27, 
a  first  counter  21  and  a  second  counter  26,  and  the 
control  unit  20.  The  sampling  unit  8  is  also  con- 
nected  to  the  communication  bus.  An  output  of  the 
register  27  is  connected  to  an  address  input  of  a 
second  memory  24,  a  data  output  of  which  is 
connected  to  a  counter  system  25.  A  result  output 
of  the  counter  system  25  is  connected  to  the 
control  unit  20. 

The  encoding  of  the  changes  occurring  in  the 
wave  group  received  due  to  changes  in  the  me- 
dium  will  first  be  described  and  subseqently  the 
operation  of  the  actual  control  member. 

For  various  reasons,  for  example  temperature 
fluctuations,  fluctuations  in  the  degree  of  humidity, 
vibrations  in  the  medium,  the  presence  of  intruders 
or  a  fracture  when  the  medium  consists  of  glass  or 
another  acoustically  hard  material,  shifts  in  time 
and/or  amplitude  variations  occur  between  succes- 
sively  received  wave  groups.  Sampling  of  the  wave 
group  received  and  analysis  of  the  samples  taken 
from  successive  wave  groups  enable  the  alarm 
device  to  detect  these  changes.  The  control  mem- 
ber  is  capable  of  analyzing  such  changes  and  of 
distinguishing  such  changes  from  one  another  in 
order  to  generate  an  alarm  exclusively  if  an  actual 
alarm  situation  occurs  (fracture,  intruder,  etc.). 

The  analysis  of  such  a  change  in  successive 
wave  groups  is  performed  by  sub-dividing  the 
wave  group  into  sub-periods  and  by  comparing 
such  a  sub-period  each  time  with  a  corresponding 
sub-period  of  a  wave  group  received  during  a  pre- 
ceding  cycle.  During  such  a  comparison  it  is 
checked  whether  the  signal  component  of  the  rel- 
evant  sub-period  has  been  shifted  in  time  with 
respect  to  the  signal  component  of  the  preceding 
cycle.  The  shift  in  time  of  such  a  signal  component 
can  be  an  advancement  as  well  as  a  retardation. 

Fig.  2a  shows  such  a  shift  in  time.  In  Fig.  2a 
the  time  is  plotted  along  the  horizontal  axis  and  the 

amplitude  is  plotted  along  the  vertical  axis.  The 
wave  a,  serving  a  reference,  reaches  its  maximum 
amplitude  at  the  instant  t*.  Wave  b  reaches  its 
maximum  amplitude  at  the  instant  t,,  so  that  "rt  has 

5  been  shifted  AT,  =  t-t,  in  time  with  respect  to  the 
wave  a.  Because  t,  precedes  t2  in  time,  the  wave  b 
has  been  advanced  with  respect  to  the  wave  a. 
Wave  c  reaches  its  maximum  amplitude  at  the 
instant  t3l  so  that  it  has  been  delayed  AT2  =  tj-ta  in 

w  time  with  respect  to  ts. 
Such  a  shift  in  time  is  recognizable,  for  exam- 

ple  by  considering  phase  shifts  having  occurred  in 
a  mainly  sinusoidal  signal.  Fig.  3  (a-f)  shows  six 
sinusoidal  wave  signals,  the  phase  of  each 

75  sinusoidal  wave  having  been  shifted  60°  with  re- 
spect  to  its  predecessor;  for  example,  the  wave 
shown  in  Fig.  3c  has  been  phase  shifted  60°  with 
respect  to  the  wave  shown  in  Fig.  3b.  The  phase 
angle  range  of  the  wave  signal  has  thus  been  sub- 

20  divided  into  six  successive  60°  intervals.  Adjacent 
each  wave  there  is  stated  the  value  as  taken  by  the 
sampling  unit,  the  encoding  by  the  zero  crossing 
detector  again  being  used  for  this  purpose  ("1  "  for 
positive  value,  "0"  for  negative  value).  This  value 

25  forms  a  characteristic  sub-pattern  word  wherefrom 
the  phase  wherethrough  the  signal  component  has 
been  shifted  with  respect  to  the  reference  signal 
component  (Fig.  3a)  can  be  recognized.  This  phase 
shift  in  a  detected  signal  component  can  be  en- 

30  coded  by  assigning  a  weight  and  a  sign  thereto. 
The  weight  represents  each  time  the  degree  of 
phase  shift  in  the  signal  with  respect  to  the  non- 
shifted  wave  shown  in  Fig.  3a.  A  variation  in  the 
weight  means  that  in  any  case  a  change  occurs  in 

35  the  bits  of  the  characteristic  pattern  word.  The  sign 
indicates  the  direction  in  which  the  phase  shift  has 
taken  place.  If  the  difference  (</>  -$a)  between  the 
phase  of  <*>a  (Fig.  3a)  and  the  phase  <p  of  one  of  the 
other  waves  (b-f)  is  positive  or  negative,  a  "-"  and 

40  a  "  +  ",  respectively,  are  assigned  thereto.  The 
weight  and  the  sign  thus  together  constitute  a  code 
number.  Adjacent  each  wave  in  Fig.  3  the  code 
number  assigned  to  the  relevant  phase  shift  is 
stated. 

45  Because  a  code  number  has  been  assigned  to 
a  phase,  the  phase  shift  can  be  encoded  from 
successive  samples.  Fig.  4  shows  a  table  contain- 
ing  the  various  feasible  phase  shifts.  When  the 
result  of  a  sampling  of  a  signal  component  re- 

50  ceived  is  011  (corresponding  to  a  phase  shift  of 
120°)  and  the  result  of  a  subsequent  sampling  of  a 
signal  component  received  is  001  (phase  shift  of 
180°),  a  phase  shift  of  180°  -120°  =60°  has  oc- 
curred  between  the  successive  samples.  The  code 

55  number  -1  is  then  assigned  to  this  shift  (2nd  row, 
4th  column).  Analogously,  a  phase  shift  of  240°  (or 
-120°)  (101),  followed  by  a  phase  shift  of  120° 
(011)  is  encoded  as  (120°-240°=  -120°),  repre- 
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sented  by  the  code  number  +  2  (3rd  row,  6th  col- 
umn).  The  table  shown  in  Fig.  4  has  been  drafted 
in  this  manner. 

The  table  of  Fig.  4  shows  not  only  the  sam- 
pling  values  of  Fig.  3  but  also  the  values  000  and 
111.  The  value  000  occurs  when  no  zero  crossings 
have  been  observed  by  the  zero  crossing  detector, 
for  example  when  no  signal  has  been  detected  by 
the  receiver.  The  value  1  1  1  occurs  when  only  sig- 
nals  having  a  positive  value  have  beendetected; 
this  occurs,  for  example  when  a  phase  jump  has 
occurred  in  the  signal  received. 

When  a  shift  is  observed  from  and/or  to  one  of 
these  sampling  values  000  or  111,  this  shift  is 
encoded  in  a  special  way  as  shown  in  the  table  of 
Fig.  4.  For  example,  the  code  number  V4  is  as- 
signed  to  a  shift  of  one  of  the  sampling  values  001  , 
010,  011,  100,  101  o  or  110  to  000  or  111,  indicat- 
ing  the  disappearance  of  the  response  to  a  trans- 
mitted  signal.  To  a  shift  from  000  to  111  to  one  of 
the  sampling  values  001,  010,  011,  100,  101  or  110 
there  is  assigned  the  code  number  V5,  indicating 
the  re-appearance  of  the  response  to  a  transmitted 
signal.  The  code  number  V6  is  assigned  to  a  sta- 
tionary  state  (000  -•  000  or  111  -»  111).  Such  a 
stationary  state  can  occur,  for  example  during  in- 
tialization  or  in  the  case  of  a  defect  in  the  transmit- 
ter  and/or  the  receiver.  A  shift  from  000  to  111  or 
vide  versa  is  encoded  in  the  same  way  as  a  phase 
shift  through  180°  by  assigning  the  code  number  3 
thereto.  This  assumption  is  based  on  the  fact  that 
in  this  situation  actually  a  reversal  or  a  180°  phase 
shift  of  the  sampled  signal  occurs. 

The  table  of  Fig.  4  also  illustrates  why  a  sam- 
pling  frequency  f,  =  3f0  is  attractive.  If  sampling 
were  to  take  place  with  a  frequency  2f0,  the  table 
would  be  formed  only  bu  a  4  x  4  matrix,  so  that  the 
number  of  detectable  shifts  would  be  smaller.  As  a 
result,  it  would  be  more  difficult  to  determine  ex- 
actly  in  which  direction  shifts  have  occurred  and  to 
what  extend.  Moreover,  in  the  case  of  a  sampling 
frequency  2f0  the  risk  is  high  that  sampling  always 
takes  place  on  the  wave  edge  of  the  zero  crossing, 
so  that  the  reliability  of  the  sample  value  is  af- 
fected.  When  a  sampling  frequency  >  3f0  is  cho- 
sen,  however,  more  code  numbers  will  occur  and 
the  analysis  of  the  signal  received  will  be  more 
accurate,  but  the  complexity  of  the  matrix  table  will 
also  increase  substantially.  Shifts  in  the  amplitude 
of  the  signal  received  can  be  encoded  in  the  same 
way  as  phase  shifts. 

The  operation  of  the  control  member  shown  in 
Fig.  2  will  be  described  in  detail  hereinafter  with 
reference  to  the  flowchart  shown  in  Fig.  5.  The 
flowchart  represents  a  control  program  which  is 
stored,  for  example  in  the  memory  of  the  control 
unit  20.  The  control  program  is  started  (30)  as  soon 
as  the  alarm  device  is  operational.  The  control  unit 

subsequently  determines  (31)  the  sampling  fre- 
quency  (f,)  on  the  basis  of  the  frequency  of  the 
trans  mitted  signal.  The  number  of  m  successive 
sampling  periods  to  be  considered  for  an  observa- 

5  tion  cycle  is  also  determined;  for  this  purpose  the 
control  unit  sets  an  internal  counter  to  the  value  m. 
During  such  an  observation  cycle,  at  corresponding 
instants  in  each  of  the  m  successive  sampling 
periods  a  predetermined  number  of  n,  (for  exam- 

10  pie,  n  =  1023)  samples  are  taken  from  the  signal 
received  by  the  receiver,  using  the  zero  crossing 
detector.  The  number  of  sampling  periods  within  an 
observation  cycle  amounts  to,  for  example  1,  32, 
64,  128  or  256,  depending  on  the  medium  being 

75  monitored  and  also  on  the  required  speed  of  re- 
sponse  of  the  alarm  device.  For  example,  when  the 
medium  is  formed  by  glass,  m  =  32  because  fast 
and  reliable  detection  of  a  glass  fracture  is  desir- 
able.  However,  if  the  medium  is  formed  by  the 

20  interior  of  a  room,  m  =  128  or  256,  because  even 
more  accurate  detection  is  thus  possible. 

The  control  unit  then  activates  (32)  the  trans- 
mitter  for  transmitting  a  pulse  train  having  a  pulse 
frequency  f0.  After  expiration  of  a  predetermined 

25  period  of  time  after  the  transmission  of  apulse  train 
by  the  transmitter,  the  control  unit  starts  (33)  a 
sampling  period  of,  for  example  T  =  2.8  ms  for 
taking  n  (=  1023)  samples.  By  utilizing  an  observa- 
tion  cycle  and  by  performing  each  sampling  opera- 

30  tion  in  correlation  with  the  transmission  of  the  pulse 
train,  i.e.  each  time  at  a  fixed  instant  after  the 
transmission  of  a  signal,  the  non-correlated  signals 
present  in  the  sampling  values  are  removed  by 
averaging.  By  performing  the  sampling  operations 

35  in  correlation  with  the  transmission  of  the  pulse 
train  in  the  various  cycles,  the  samples  will  be 
taken  each  time  within  one  and  the  same  sub- 
period  of  the  signal  received.  At  the  start  of  a 
sampling  period,  the  control  unit  activates  a  clock 

40  29  which  applies  a  clock  signal  having  the  fre- 
quency  f,  to  the  first  counter  21  and  the  sampling 
unit  8.  In  synchronism  with  the  clock  signal,  the 
first  counter  21  generates  address  signals  for  ad- 
dressing  memory  locations  in  the  first  register 

45  memory  22.  Because  the  first  counter  and  the 
sampling  unit  receive  the  same  clock  signal,  they 
will  operate  in  synchronism  so  that  each  of  the  n 
sampling  values  will  always  be  stored  in  a  defined 
location  in  the  first  memory. 

so  After  the  execution  of  the  step  33  of  the  control 
program,  the  control  unit  checks  (34)  whether  all  m 
periods  of  the  observation  cycle  have  been  dealt 
with.  If  this  is  not  the  case,  the  internal  counter 
which  counts  the  cycle  periods  m  is  incremented 

55  by  one  unit,  the  first  counter  21  is  reset  to  zero, 
and  the  second  counter  26  is  activated  (35).  The 
control  unit  then  starts  a  next  sampling  period 
during  which  a  pulse  train  is  transmitted  again  (32). 

6 
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During  thus  second  sampling  period  of  the  same 
observation  cycle  and  during  any  further  sampling 
period  thereof,  the  sampling  value  will  not  be 
stored  directly  in  the  first  register  memory.  The 
memory  locations  of  the  first  memory  which  are 
indicated  by  the  first  counter  are  read  first  and  the 
contents  thereof  are  applied  to  the  second  counter 
26  which  also  receives  the  new  sampling  value. 
The  two  values  presented  are  added  by  the  second 
counter  and  the  result  is  stored  in  the  memory 
location  read  directly  previously.  As  a  result,  after 
completion  of  the  observation  cycle  each  memory 
location  will  contain  the  sum  value  of  the  sampling 
values  taken  for  the  relevant  sub-period.  It  is  alter- 
natively  possible  to  activate  the  second  counter 
already  during  the  first  period,  because  during  this 
first  period  the  second  counter  will  then  add  the 
value  0  to  the  sampling  value. 

When  all  m  periods  of  an  observation  cycle 
have  been  dealt  with  (34Y),  the  control  unit  again 
initializes  (36)  the  first  counter  21  in  order  to  ad- 
dress  a  first  memory  location  of  the  first  register 
memory  22  again  and  to  determine  (37)  for  the 
relevant  memory  location  the  mean  value  of  the 
sum  values  stored  therein.  This  mean  value  can  be 
determined  either  by  dividing  the  sum  value  by  m 
or  by  fetching  the  most  significant  bit  (MSB)  of  the 
sum  value.  This  is  because,  when  a  logic  "1  "  has 
been  taken  during  each  sampling  operation,  MSB 
=  "1";  if  not,  MSB  =  "0".  The  mean  value  is 
subsequently  stored  (38)  in  the  register  27.  The 
address  determined  by  the  first  counter  21  is  also 
used  for  addressing  (39)  the  reference  memory  23. 
The  value  stored  therein  is  transferred  to  the  regis- 
ter  27  for  storage.  Subsequently,  at  the  addressed 
location  of  the  reference  memory  the  mean  value 
determined  immediately  previously  is  stored.  In  the 
register  27  the  mean  value  and  the  value  from  the 
reference  memory  23  are  stored  in  a  predeter- 
mined  location  as  will  be  described  hereinafter. 

Subsequently,  the  control  unit  checks  (40) 
whether  the  first  counter  21  indicates  a  value  which 
is  a  multiple  of  3.  If  this  is  not  the  case  (40N),  the 
first  counter  21  is  incremented  by  one  unit  (41  )  and 
the  control  program  is  resumed  as  from  the  step 
37  in  order  to  determine  the  mean  value  for  a  next 
memory  location  of  the  first  memory  22  and  to 
store  two  further  bit  values  in  the  register  27. 

When  the  check  of  the  step  40  reveals  that  the 
first  counter  21  indicates  a  value  which  is  a  mul- 
tiple  of  3  (40Y),  the  register  27  will  contain  6  bits, 
three  bits  originating  from  the  reference  memory 
23  and  three  bits  orignating  from  the  mean  value 
as  determined  from  the  sum  values  stored  in  the 
first  memory  22.  The  three  bits  from  the  mean 
value  and  the  reference  value,  respectively,  each 
time  form  a  sub-pattern  word  which  represents  a 
signal  component  from  a  sub-period.  The  three  bits 

from  the  mean  value  represent  an  actual  sampling 
value  as  described  with  reference  to  Fig.  2.  The 
sub-pattern  word  from  the  reference  memory  re- 
presents  a  previous  sampling  value  because  each 

s  time  the  newly  calculated  value  is  loaded  into  the 
reference  memory.  As  has  been  explained  with 
reference  to  Fig.  4,  a  code  number  can  be  as- 
signed  to  this  combination  of  two  sub-pattern 
words.  The  location  in  which  the  various  bits  are 

iq  written  in  the  memory  27,  therefore,  is  important  in 
order  to  indicate  the  correct  location  in  the  matrix. 
All  bits  determined  from  the  mean  value  form  a 
pattern  word  which  becomes  a  reference  pattern 
word  when  stored  in  the  reference  memory. 

75  The  two  sub-pattern  words  in  the  register  27 
thus  form  a  combination  word  which  in  its  turn 
forms  an  address  for  addressing  (42)  a  location  in 
the  second  memory  24. 

The  table  shown  in  Fig.  4  is  stored  in  the 
20  second  memory.  The  address  formed  by  the  com- 

bination  word  indicates  a  code  number  in  the  sec- 
ond  memory.  This  code  number  addresses  (43)  the 
associated  counter  in  the  counter  system  25  and 
increments  the  count  by  one  unit.  For  each  code 

25  number  present  in  the  second  memory  the  counter 
system  25  comprises  a  counter  which  is  addres- 
sable  by  its  respective  code  number.  Subsequent- 
ly,  it  is  checked  (44)  whether  all  memory  locations 
of  the  first  memory  have  been  addressed;  if  not 

30  (44N),  the  control  program  is  resumed  as  from  the 
step  37.  As  a  result,  the  n-bit  pattern  word  is  sub- 
divided  into  a  number  of  3-bit  sub-pattern  words 
and  a  sub-pattern  word  formed  from  mean  values 
is  combined  each  time  with  a  sub-pattern  word 

35  from  the  reference  register.  A  shift  can  thus  each 
time  be  detected  and  encoded.  At  the  end  of  an 
observation  cycle  the  various  counter  positions  will 
provide  an  impression  of  the  shifts  found.  By  bit- 
wise  loading  each  time  a  new  pattern  word  into  the 

40  reference  memory,  moreover,  continuous  shifts  are 
taken  into  account  and  actual  alarm  situations  can 
indeed  be  distinghuised  more  accurately  from  false 
alarm  situations. 

When  all  memory  loactions  of  the  first  memory 
46  have  been  addressed  (44Y)  so  that  the  actual  pat- 

tern  word  has  been  completely  formed  and  stored 
in  the  reference  memory  23,  each  of  the  various 
counters  of  the  counter  system  25  will  indicate  how 
many  times  its  associated  code  number  has  been 

so  assigned  during  the  observation  cycle.  The  evalu- 
ation  phase  of  the  observation  cycle  can  then  be 
executed. 

Under  the  control  of  the  control  unit  20  the  first 
counter  21  is  reset  to  zero  (45)  in  order  to  enable 

55  the  start  of  a  new  cycle  at  a  later  stage.  Subse- 
quently,  the  control  unit  fetches  the  counts  of  the 
counters  associated  with  positive  code  numbers 

.  (S3,  S2,  S1  ,  SO)  from  the  counter  position  25  and 

7 
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sums  these  numbers  (46).  This  first  sum  value  (  E 
R  +  )  is  stored  in  a  first  register  of  the  control  unit. 
Subsequently,  the  counts  of  the  counters  asso- 
ciated  with  negative  code  numbers  (S-2,  S-1)  are 
fetched  from  the  counter  system  25  so  as  to  be 
summed  (47).  This  second  sum  value  (ER-)  is 
stored  in  a  second  register  of  the  control  unit. 
Furthermore,  the  counts  of  the  counters  S2,  S3  and 
S-2  are  fetched  and  summed  (48),  thus  forming  a 
sum  number  (M2  +  3)  which  is  stored  in  a  third 
register  of  the  control  unit.  The  control  unit  subse- 
quently  determines  (49)  a  ratio  factor 

Q "   E T C -  

This  ratio  factor  indicates  the  direction  of  the 
shift  of  the  phase  during  the  observation  cycle  with 
respect  to  the  previous  observation  cycle.  If  Q»1  , 
approximately  as  many  positive  as  negative  phase 
shifts  have  taken  place,  which  clearly  characterizes 
a  non-continuous  shift  patter.  If  Q»1  or  Q«1,  a 
continuous  shift  pattern  in  the  one  or  the  other 
direction  is  concerned.  This  shift  pattern  is  usually 
caused  by  temperature  fluctuations  or  fluctuations 
in  the  degree  of  humidity  in  the  medium,  so  that 
they  should  not  be  considered  as  alarm  situations. 
However,  a  value  Q»1  does  indicate  an  alarm  situ- 
ation,  because  no  continuous  shift  pattern  in  a 
defined  direction  is  concerned. 

When  the  sum  number  M2  +  3  is  small,  for 
example  smaller  than  20  for  a  total  number  of 
observations  of  approximately  340,  only  few  major 
(larger  than  60°)  phase  have  occurred,  so  that 
there  will  not  be  an  alarm  situation.  However,  if  the 
sum  number  M2  +  3  is  large,  many  shifts  of  ±  120° 
or  t  180°  have  taken  place  during  the  relevant 
observation  cycle,  so  that  obviously  an  alarm  situ- 
ation  is  concerned. 

These  two  criteria,  that  is  to  say  the  ratio  factor 
Q  and  the  sum  number  M2  +  3,  will  be  used  as  an 
alarm  criterion  for  activating  the  alarm  generator  or 
not.  Fig.  6  illustrates  such  an  alarm  criterion.  This 
Figure  shows  a  graph  in  which  the  ratio  factor  Q  is 
plotted  on  the  horizontal  axis  and  the  sum  number 
M2  +  3  is  plotted  on  the  vertical  axis.  The  shaded 
area  represents  the  alarm  zone.  When  the  com- 
bination  formed  by  the  pair  Q,  M2  +  3  is  situated 
within  the  shaded  area  (for  example,  (Q,  M2  +  3)  = 
(1  ,40)),  the  generator  9  will  be  activated. 

This  alarm  criterion  is  stored  either  in  a  mem- 
ory  of  the  control  unit  or  in  a  separate  memory 
provided  for  this  purpose.  The  pair  Q,  M2+3  then 
forms  an  address  for  the  relevant  memory.  For  the 
pairs  of  number  situated  within  the  shaded  area,  an 
alarm  bit,  for  example  a  logic  "1  ",  is  then  stored  at 
the  addressed  memory  location  for  activation  of  the 
alarm  generator.  The  inverted  bit  value  of  the  alarm 

bit  is  then  assigned  to  the  other  pairs  of  numbers 
which  are  not  situated  within  the  shaded  area. 

During  step  50  of  the  control  program  (Fig.  5), 
the  pair  of  number  Q,  M2  +  3  is  formed  for  address- 

5  ing  the  memory  in  which  the  alarm  criterion  is 
stored  and  the  addressed  memory  location  is  read. 
If  the  alarm  bit  "1"  is  present  in  the  addressed 
location  (51  Y),  the  alarm  generator  is  activated 
(52).  If  a  logic  "0"  is  present  at  the  addressed 

10  memory  location  (51  N),  the  first,  second  and  third 
registers  are  erased  (53),  the  counters  of  the  coun- 
ter  system  25  are  reset,  and  the  control  program  is 
resumed  as  from  the  step  31  .  However,  if  the  alarm 
generator  is  activated,  subsequently  the  step  53  is 

75  also  executed  and  the  control  program  is  resumed 
as  from  the  step  31  . 

It  will  be  apparent  that  other  realizations  of  an 
alarm  device  in  accordance  with  the  invention  are 
also  feasible.  A  number  of  feasible  alternatives  will 

20  be  described  hereinafter  (non-exhaustively). 
For  the  alarm  criterion,  not  only  the  pair  of 

numbers  Q,  M2  +  3  can  be  used  but  also  the  fur- 
ther  pair  of  numbers  Q,  M1  ,  in  combination  with  the 
first  pair  of  numbers  or  not.  The  number  M1  repre- 

25  sents  the  sum  of  the  counts  S1  and  S-1  ,  and  hence 
the  sum  of  all  phase  shifts  in  the  range  between 
+  60°  and  -60°.  The  number  M1  can  be  deter- 
mined,  for  example  during  the  step  48  or  during  an 
additional  step  between  the  steps  48  and  49  of  the 

30  control  program.  The  alarm  criterion  for  the  further 
pair  of  numbers  Q,  M1  is  given  in  Fig.  6.  When 
both  pairs  of  numbers  (Q,M1;  Q,  M2  +  3)  are  used 
for  alarm  detection,  either  one  address  (Q,  M1, 
M2  +  3)  is  formed  when  both  criteria  are  stored  in 

35  the  same  memory,  or,  when  two  memory  locations 
are  addressed  the  values  read  are  combined  by 
means  of  a  logic  AND-gate.  Depending  on  the 
requirement  imposed  on  the  alarm  criterion,  of 
course,  a  logic  OR-gate  can  alternatively  be  used 

40  for  this  purpose. 
It  is  alternatively  possible  to  involve  the  code 

numbers  V4,  V5  and  V6  in  the  testing  of  the  alarm 
criterion.  Fig.  7  shows  an  extension  of  the  control 
program  of  Fig.  5  in  which  the  code  numbers  V«,  Vs 

45  and  V5  are  also  involved.  These  program  steps  can 
be  inserted,  for  example  between  the  steps  44  and 
45  of  the  control  program.  During  the  steps  80,  81  , 
82  it  is  checked  whether  the  counts  of  the  counters 
V6,  V5,  V4,  respectively,  of  the  counter  system  25 

so  exceed  a  predetermined  value  P1  (for  example, 
P1  =100  if  n  =  1024),  P2  and  P3,  respectively  (for 
example  P2  =  100;  P3  =  100,  if  n  =  1024).  If  one 
of  these  counts  exceeds  the  predetermined  value 
(Y),  a  warning  signal  is  generated  (83). 

55  For  the  sake  of  completeness  it  is  also  to  be 
stated  that  the  alarm  criteria  shown  in  Fig.  6  have 
been  determined  on  the  basis  of  a  series  of  mea- 
surement  results.  However,  the  invention  is  not 
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restricted  to  a  device  incorporating  only  one  or 
both  these  alarm  criteria.  Depending  on  the  re- 
quired  sensitivity  of  the  alarm  device,  the  shaded 
area  can  be  increased  or  decreased. 

An  alternative  method  of  testing  with  respect  to 
the  alarm  criterion  utilizes  a  memory  which  is  ad- 
dressed  by  a  value  M2  +  3  and/or  a  value  M1,  limit 
values  for  the  ratio  factor  Q  being  stored  at  the 
addressed  memory  location.  The  control  unit  then 
compares  the  ratio  factor  determined  during  the 
step  49  with  the  limit  values  read  from  the  mem- 
ory.  When  the  calculated  ratio  factor  has  a  value 
beyond  the  given  limit  value,  the  alarm  generator  is 
activated. 

As  has  already  been  stated,  an  observation 
cycle  comprises  m  sampling  periods.  In  the 
flowchart  shown  in  Fig.  5  a  next  sampling  period  is 
started  immediately  after  expiration  of  one  of  the 
periods  j  (  1  £  j  <  m).  However  it  is  alternatively 
possible  to  vary  the  interval  between  the  succes- 
sive  sampling  periods  of  an  observation  cycle.  The 
intervals  between  the  various  sampling  periods  can 
then  be  determined,  for  example  by  means  of  a 
random  generator. 

The  monitoring  device  must  be  capable  of  be- 
ing  operative  in  different  media.  This  means  that 
the  amplitude  of  the  transmitted  pulse  train  must 
be  adjustable  as  a  function  of  the  medium.  For 
example,  when  the  monitoring  device  is  formed  by 
a  glass  fracture  detector  which  is  arranged  against 
a  window  pane  having  a  large  surface  area,  the 
transmitter  should  transmit  a  pulse  train  consisting 
of  pulses  having  an  amplitude  which  is  higher  than 
in  the  case  of  a  window  pane  having  a  smaller 
surface  area,  because  the  loss  occurring  is  much 
higher  in  the  case  of  the  larger  glass  surface  area. 

Fig.  8  shows  a  control  circuit  for  adjusting  the 
amplitude  of  the  pulses  in  the  transmitted  pulse 
train.  The  control  circuit  is  controlled  by  the  control 
unit  20  and  comprises  p  logic  AND-gates  (90-1  ,  90- 
2,  ...  90-p).  Preferably,  p  equals  four,  so  that  16 
different  amplitude  values  can  be  adjusted  and  an 
adequate  number  of  selection  possibilities  are 
available.  Each  of  the  logic  AND-gates  comprises  a 
first  input  which  is  connected  to  the  output  of  a 
tone  generator  94  which  supplied  a  wave  signal 
having  a  fixed  amplitude.  A  second  input  of  each 
logic  AND-gate  is  connected  to  the  control  unit  20 
via  the  bus  28.  Each  of  the  logic  AND-gates  com- 
prises  an  output  which  is  connected  to  the  base  of 
a  respective  transistor  91-1,  91-2  91  -p.  The 
emitter  of  each  transistor  is  grounded  and  its  col- 
lector  is  connected  to  a  respective  resistor  92-1, 
92-2,  ...,  92-p.  Each  of  these  resistors  has  a  dif- 
ferent  value;  for  example,  the  resistor  92-p  has  the 
value  R  =  50Q  and  the  resistors  92-(p-1)  and  92-2, 
92-1  have  the  values  2R  and  2p-1R,  2pR,  respec- 
tively.  It  will  be  apparent  that  this  choice  of  resis- 

tances  is  merely  a  preferred  choice  and  that  other 
values  are  also  possible.  The  only  requirement  to 
be  satisfied  by  the  choice  of  these  resistance  val- 
ues  is  that  R(92-p)  <  R(92-{p-1))  <  ....  R(92-2)  <  R- 

5  (92-1),  because  different  amplitude  values  will  be 
adjusted  by  means  of  these  different  resistance 
values,  as  will  be  described  hereinafter.  Further- 
more,  the  various  resistors  are  all  connected  to  a 
common  line  95  which  is  connected  to  one  pole  of 

10  the  primary  winding  of  a  transformer  93.  The  other 
pole  of  this  primary  transformer  winding  is  con- 
nected  to  a  voltage  source  which  supplies  a  supply 
voltage  V  which  amounts  to,  for  example  12  V.  The 
transmitter  3  is  connected  to  the  secondary  trans- 

15  former  winding. 
The  transistors  operate  as  switching  elements. 

When  a  signal  having  a  logic  value  "1  "  is  applied 
to  a  second  input  of  a  logic  AND-gate,  the  signal 
output  by  the  tone  generator  94  will  be  applied  to 

20  the  base  of  the  transistor  connected  to  the  relevant 
logic  AND-gate.  As  a  result  the  transistor  is  turned 
on  and  a  current  path  is  formed  which  is  extends 
from  the  voltage  source  and  through  the  primary 
winding,  the  resistor  and  the  transistor  to  ground. 

25  The  current  intensity  of  the  current  flowing  through 
the  path  is  determined  substantially  completely  by 
the  value  of  the  resistor  included  in  the  current 
path.  Therefore,  this  current  intensity  is  a  measure 
of  the  current  induced  in  the  secondary  winding 

30  and  hence  of  the  amplitude  of  the  transmitted 
pulse  train.  The  adjustment  of  the  amplitude  of  the 
transmitter  pulse  train,  therefore,  can  be  deter- 
mined  completely  by  the  control  unit.  This  is  be- 
cause  the  current  intensity  through  the  primary 

35  winding  of  the  transformer  can  be  adjusted  by  the 
control  unit  by  selection  of  the  control  signal  ap- 
plied  to  the  second  inputs  of  the  logic  AND-gates. 

For  example,  when  the  amplitude  control  signal 
generator  included  in  the  microprocessor  applies 

40  an  amplitude  control  signal  having  the  logic  value 
"1"  to  the  AND-gates  90-2  and  90-p  and  an  am- 
plitude  control  signal  having  the  logic  value  "0"  to 
the  other  AND-gates,  the  current  paths  through  the 
resistors  92-2  and  92-p  are  formed.  The  current 

45  then  flows  through  a  parallel  connection  of  these 
resistors  and  amounts  to 

( 2 P " 1 ) R  
I  =  50 

if  a  value  R  was  chosen  for  the  resistor  92-p  and  a 
value  (2P-1)R  for  the  resistor  92-2. 

The  determination  of  the  control  signal  applied 
to  the  logic  AND-gates  by  the  amplitude  control 
signal  generator  will  be  described  hereinafter  with 
reference  to  the  flowchart  shown  in  Fig.  9.  The 

55 
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flowchart  represents  an  initialization  routine  which 
is  executed,  under  the  control  of  the  control  unit, 
each  time  when  the  monitoring  device  is  switched 
on.  As  soon  as  the  monitoring  device  is  switched 
on  (100),  the  control  unit  generates  (101)  a  first 
control  signal,  a  logic  "1"  being  applied  to  the 
second  input  of  the  logic  AND-gate  90-1  and  a 
logic  "0"  to  the  second  inputs  of  the  other  logic 
AND-gates.  A  current  path  is  then  formed  through 
the  resistor  92-1.  Because  this  resistor  92-1  had 
the  highest  resistance  (2PR),  only  a  weak  current 
will  flow  through  the  primary  winding  of  the  trans- 
former  93,  so  that  a  pulse  train  having  only  a  low 
pulse  amplitude  is  transmitted  into  the  medium. 
Subsequently,  the  control  unit  executes  (102)  a 
routine  in  which  the  steps  31  to  50  of  the  control 
program  "shown  in  Fig.  5  are  executed.  Subse- 
quently  (103),  the  control  unit  checks  whether  the 
alarm  criterion  has  been  satisfied.  This  check  is 
performed  in  the  same  way  as  described  for  the 
step  51  of  the  control  program  (Fig.  5).  If  this  low- 
amplitude  adjustment  immediately  leads  to  an 
alarm  (Y),  the  amplitude  of  the  transmitted  pulse 
train  is  too  low.  The  control  unit  will  then  generate 
(104)  a  second  control  signal  in  order  to  transmit  a 
pulse  train  having  a  higher  pulse  amplitude.  Via 
said  second  signal  a  logic  "1  "  is  presented  to  the 
second  input  of  the  logic  AND-gate  90-2  and  a 
logic  "0"  to  the  second  inputs  of  the  other  logic 
AND-gates.  The  step  102  and  103  are  then  re- 
peated  in  order  to  check  whether  this  pulse  train  of 
higher  amplitude  again  causes  an  alarm.  If  this  is 
the  case,  the  amplitude  is  increased  once  more. 
The  steps  102,  103  and  104  are  repeated  until 
alarm  is  no  longer  detected  in  the  step  103.  This  is 
because,  if  alarm  is  no  longer  detected,  a  pulse 
train  having  an  adequate  amplitude  is  transmitted 
through  the  medium.  For  generating  the  successive 
control  signals,  use  is  made  of,  for  example  a 
counter  which,  each  time  when  the  step  104  is 
executed,  is  incremented  by  one  unit  after  having 
been  initialized  in  the  counter  position  1  by  the 
execution  of  the  step  101. 

The  amplitude  of  the  pulse  train  to  be  transmit- 
ted  has  thus  actually  been  adjusted.  This  adjuste- 
ment,  however,  can  be  refined  by  extending  the 
initialization  routine  with  the  steps  105  to  108.  If  the 
adjusted  amplitude  has  no  longer  resulted  in  an 
alarm  (103N),  the  count  of  the  counter  V6  of  the 
counter  system  25  (Fig.  2)  is  fetched  (105).  As  has 
already  been  explained,  a  code  number  V6  de- 
notes  a  shift  000  —  000  or  111  —  111.  Subse- 
quently,  it  is  checked  (106)  whether  the  code  num- 
ber  V6  has  already  occurred  too  frequently.  To  this 
end,  the  count  V6  is  compared  with  a  predeter- 
mined  first  reference  value  VRwhich  amounts  to,  for 
example  15  if  n  =  1023  and  m  =  32.  When  the  code 
number  V6  has  occurred  more  often  (106Y)  than 

indicated  by  the  first  reference  value,  the  program 
proceeds  to  the  step  104  in  order  to  increase  the 
amplitude  of  the  adjusted  pulse  train  slightly  fur- 
ther.  This  is  because  of  frequent  occurence  of  the 

5  code  number  V6  within  one  and  the  same  cycle 
indicates  that  the  amplitude  is  just  sufficient.  In 
order  to  create  a  small  safety  margin,  the  am- 
plitude  of  the  transmitted  pulse  train  is  increased 
slightly  further. 

10  When  the  code  number  V6  has  occurred  less 
frequently  than  indicates  by  the  first  reference  val- 
ue  (106N),  the  value  Sy  =  S,  +  S.i  is  determined 
(107)  To  this  end,  the  counts  of  the  counters  S, 
and  S  ̂ are  fetched  and  summed.  Subsequently 

75  (108),  the  value  Sy  is  compared  with  a  second 
reference  value  V2  which  amounts  to,  for  example 
10.  If  Sy  <  Vz  (108Y),  the  amplitude  is  increased 
again  (104);  if  not,  the  initialization  has  been  com- 
pleted  (109).  An  excessively  large  value  of  Sy  in- 

20  dicates  an  unstable  signal. 
A  variety  of  circumstances,  for  example  tem- 

perature  fluctuations,  changes  in  the  degree  of 
humidity  of  the  medium  etc.  can  influence  the 
amplitude  of  the  transmitted  pulse  train.  As  a  re- 

25  suit,  the  amplitude  of  the  transmitted  signal  may 
become  either  too  low  so  that  the  risk  of  a  false 
alarm  increases  or  too  high  so  that  energy  is  wated 
or  annoying  side-effects  occur,  for  example  hum- 
ming  in  the  case  of  an  ultrasonic  transmitter.  For 

30  periodic  adaptation  of  the  amplitude  of  the  trans- 
mitted  pulse  train,  the  monitoring  device  in  accor- 
dance  with  the  invention  preferably  comprises  a  re- 
adjustment  unit  which  is  included  in  the  control  unit 
20.  The  operation  of  this  re-adjustment  unit  will  be 

35  described  in  detail  hereinafter  with  reference  to  the 
flowchart  of  a  re-adjustment  program  shown  in  Fig. 
10. 

Re-adjustment  of  the  amplitude  of  the  transmit- 
ted  pulse  train  takes  place  either  each  time  after 

40  completion  of  a  cycle  of  m  sampling  periods  or 
after  completion  of  a  plurality  of  cycles,  depending 
on  the  sensitivity  of  the  medium.  The  re-adjustment 
program  forms  a  sub-routine  which,  when  execut- 
ed,  is  performed  prior  to  the  execution  of  the  step 

45  53  of  the  control  program  (Fig.  5). 
The  re-adjustment  program  starts  (120)  by  de- 

termining  the  sum  I  =  S,  +  S.!  +S2  +  S.2  +  S3.  To 
this  end,  the  counts  of  the  counters  S,,  S.i,  S2,  S.2 
and  S3  are  fetched  and  summed  by  way  of  a  first 

so  counter.  Subsequently,  the  control  unit  checks 
(121)  whether  the  sum  I  is  larger  than  or  equal  to 
a  reference  value  TA  (for  example,  TA  =  10  if 
n  =  1024  and  m  =  32).  This  is  because  a  sum  value 
I  5  TA  indicates  that  a  reasonable  number  of  shifts 

55  have  taken  place.  If  r  a  TA(121Y),  a  counter  T,  is 
incremented  by  one  unit  (122).  Subsequently,  it  is 
checked  (123)  whether  the  counter  T,  has  a  count 
which  is  equal  to  a  predetermined  value  Tc(for 

10 
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example,  Tc  =  10).  If  this  is  not  the  case  (123N),  the 
re-adjustment  program  is  terminated  and  the  pro- 
gram  proceeds  to  the  step  53  of  the  control  pro- 
gram.  However,  if  Tc  =  10  (123Y),  it  is  checked 
(124)  whether  the  amplitude  of  the  pulse  train  has 
already  been  adjusted  to  a  maximum  value.  To  this 
end,  the  control  signal  applied  to  the  control  circuit 
(Fig.  8)  is  analyzed.  If  the  amplitude  has  not  been 
adjusted  to  a  maximum  level  (124N),  the  amplitude 
of  the  pulse  train  to  be  transmitted  in  increased  by 
one  step  (125)  as  described  for  the  adjustment 
routine.  However,  if  the  amplitude  has  already  been 
adjusted  to  a  maximum  level  (124Y),  this  is  in- 
dicated  (126),  for  example  by  illumination  of  a  pilot 
lamp  on  the  monitoring  device.  However,  the  latter 
step  is  optional.  After  completion  of  the  step  125  or 
126,  the  counter  T,  is  reset  to  zero  (127).  During 
the  next  cycles  a  pulse  train  having  a  higher  am- 
plitude  (that  is  to  say  if  the  amplitude  was  not 
already  maximum)  will  be  transmitted. 

However,  if  it  is  determined  during  the  step 
121  that  E  <  TA  (121  N),  it  is  subsequently  checked 
(128)  whether  the  counter  T,  indicates  the  value 
"0";  if  not  (128N),  the  count  of  the  counter  T,  is 
decremented  by  one  unit  (129).  This  is  because  a 
value  E  <  TA  indicates  that  only  few  shifts  have 
taken  place,  so  that  it  can  be  checked  whether  the 
amplitude  of  the  pulse  train  to  be  transmitted  can 
be  reduced  in  order  to  save  energy.  During  the 
step  130  it  is  checked  whether  the  sum  I  is 
smaller  than  a  predetermined  value  TB  (for  exam- 
pie,  TB  =  2).  If  the  sum  E  is  not  smaller  than  TB  - 
(130N),  it  is  checked  (131)  whether  the  count  of  a 
counter  Ts  equals  "0".  The  counter  T,  indicates  the 
number  of  times  that  a  sum  E  <  TB  has  occurred.  If 
the  counter  T2  does  not  indicate  the  value  "0" 
(131N),  the  count  of  the  counter  T2  is  decremented 
by  one  unit  (132). 

If  the  sum  E  <  TB  (130Y),  the  counter  T2  is 
incremented  by  one  unit  (133).  Subsequently,  it  is 
checked  (134)  whether  the  count  of  the  counter  T, 
equals  a  predetermined  value  TD  (for  example, 
TD  =  10).  If  this  is  the  case  (134Y),  a  sum  E  <  TB 
has  already  occurred  TD  times,  so  that  the  am- 
plitude  of  the  puise  train  to  be  transmitted  may  be 
reduced.  During  the  step  135  it  is  checked  whether 
the  amplitude  has  already  been  adjusted  to  its 
minimum  value.  If  this  is  not  the  case  (135N),  the 
amplitude  is  reduced  (136),  after  which  the  counter 
T2  is  reset  to  the  value  "0"  (137).  The  re-adjust- 
ment  program  thus  enables  the  monitoring  device 
to  adjust  each  time  an  optimum  amplitude  for  the 
pulse  train  to  be  transmitted. 

Claims 

1.  A  monitoring  device,  comprising  a  central 
unit  whereto  there  are  connected  a  transmitter  for 

s  periodically  transmitting  a  pulse  train  into  a  me- 
dium  to  be  monitored  and  a  receiver  for  receiving 
the  pulse  train  which  is  transported  by  the  medium 
and  which  is  formed  by  a  wave  group,  which  cen- 
tral  unit  comprises  a  control  member  for  controlling 

w  the  monitoring  device  and  a  sampling  unit  which  is 
connected  to  the  receiver  for  taking  in  correlation 
with  the  transmission  of  the  pulse  train  and  each 
time  within  a  sampling  cycle,  a  series  of  n  (n  >  3) 
sampling  values  from  the  wave  group  received,  and 

75  for  forming  an  actual  pattern  word  from  said  series, 
which  control  member  is  connected  to  a  signal 
generator  and  comprises  a  reference  memory  for 
storing  a  reference  pattern  word  formed  during  a 
preceding  cycle,,  which  control  member  also  com- 

20  prises  a  control  unit  which  is  connected  to  the 
reference  memory  and  which  comprises  a  com- 
parator,  characterized  in  that  the  control  unit  is  also 
suitable  for  sub-dividing  the  period  of  the  wave 
group  received  into  a  further  number  of  n/j  (j  >  1) 

25  sub-periods  and  for  sub-dividing  the  actual  pattern 
word  and  the  reference  pattern  word  into  n/j  j-bit 
first  sub-pattern  words  and  second  sub-pattern 
words,  respectively,  each  j-bit  sub-pattern  word  re- 
presenting  a  signal  component  in  a  respective  sub- 

30  period  of  the  wave  group,  which  comparator  is 
suitable  for  forming  each  time  a  combination  word 
from  a  first  sub-pattern  word  and  a  second  sub- 
pattern  word  originating  from  corresponding  sub- 
periods,  which  comparator  also  comprises  a  code 

35  number  generator  for  assigning  a  code  number 
from  a  predetermined  series  of  code  numbers  to 
each  combination  word,  which  code  numbers  re- 
present  a  respective  measure  of  the  shift  in  time  of 
the  signal  components,  as  represented  by  the  first 

40  sub-pattern  word  of  their  respective  combination 
word,  with  respect  to  the  signal  component  as 
represented  by  the  second  sub-pattern  word  of 
their  respective  combination  word,  which  control 
member  also  comprises  a  counter  system  which  is 

46  connected  to  the  code  number  generator  and 
which  is  suitable  for  determining  for  each  of  the 
code  numbers  a  first  sum  number  which  indicates 
the  number  of  times  that  the  relevant  code  number 
has  been  assigned  within  one  and  the  same  cycle, 

so  which  control  unit  is  suitable  for  checking  whether 
the  first  sum  numbers  exceed  limit  values  given  by 
a  predetermined  criterion  and  for  activating  the 
signal  generator  when  the  criterion  is  exceeded. 

2.  A  monitoring  device  as  claimed  in  Claim  1, 
55  characterized  in  that  the  control  unit  comprises  a 

ratio  factor  generator  for  determining  a  ratio  factor 
from  the  ratio  of  the  first  sum  numbers  associated 
with  code  numbers  representing  an  advancement 

11 
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in  time  and  the  first  sum  numbers  associated  with 
code  numbers  representing  a  retardation,  which 
control  unit  is  also  suitable  for  forming  a  second 
sum  number  by  summing  the  sum  values  asso- 
ciated  with  code  numbers  representing  shifts  in  a 
predetermined  time  interval,  which  control  unit  is 
also  suitable  for  forming  a  combination  number 
from  the  second  sum  number  and  the  ratio  factor 
and  for  activating  the  signal  generator  if  said  com- 
bination  number  forms  part  of  a  predetermined 
number  of  combination  numbers. 

3.  A  monitoring  device  as  claimed  in  Claim  1 
or  2,  characterized  in  that  the  pulse  train  to  be 
transmitted  is  composed  of  a  mainly  sinusoidal 
wave  pattern,  the  shifts  in  time  as  represented  by 
the  code  numbers  representing  each  time  a  phase 
shift  within  a  predetermined  phase  range. 

4.  A  monitoring  device  as  claimed  in  Claim  3, 
characterized  in  that  the  phase  range  is  sub-di- 
vided  into  regions  of  each  time  60°  (-S-/3),  a  sub- 
pattern  word  being  associated  with  each  region 
thus  formed. 

5.  A  monitoring  device  as  claimed  in  the 
Claims  2  and  4,  characterized  in  that  the  control 
unit  forms  the  second  sum  number  by  summing 
the  sum  values  associated  with  code  numbers  re- 
presenting  a  phase  shift  having  an  order  of  mah- 
nitude  situated  in  the  ranges  (120°-180°),  (180°- 
240°). 

6.  A  monitoring  device  as  claimed  in  the 
Claims  2  and  4,  characterized  in  that  the  control 
unit  is  suitable  for  forming  a  further  second  sum 
number  by  summing  sum  values  associated  with 
code  numbers  representing  a  phase  shift  having  an 
order  of  magnitude  situated  in  the  range  between 
-60°  and  60°. 

7.  A  monitoring  device  as  claimed  in  the 
Claims  5  and  6,  characterized  in  that  said  combina- 
tion  number  is  composed  of  the  ratio  factor,  the 
second  sum  number  and  the  further  second  sum 
number. 

8.  A  monitoring  device  as  claimed  in  Claim  2, 
characterized  in  that  the  control  member  comprises 
a  memory  in  which  indicators  are  stored  in  mem- 
ory  locations  which  are  addressable  by  combina- 
tion  numbers  forming  part  of  said  predetermined 
number  of  combination  numbers,  which  indicators 
represent  each  time  an  activation  signal  for  the 
signal  generator. 

9.  A  monitoring  device  as  claimed  in  Claim  1, 
characterized  in  that  the  code  number  generator 
comprises  a  further  memory  in  which  the  series  of 
code  numbers  are  stored  and  which  can  be  ad- 
dressed  by  an  address  formed  by  the  combination 
word. 

10.  A  monitoring  device  as  claimed  in  any  one 
of  the  preceding  Claims  in  which  the  control  mem- 
ber  comprises  a  mean  value  determining  unit  for 

forming  each  time  after  completion  of  a  cycle  of  m 
(m  >  1)  sampling  periods,  a  further  series  of  n 
mean  sampling  values  by  determining  a  mean  val- 
ue  from  the  sampling  values  taken  in  the  cor- 

5  responding  further  sub-periods  of  each  of  the  m 
sampling  periods  of  the  same  cycle,  and  for  for- 
ming  the  actual  pattern  word  from  said  further 
series,  characterized  in  that  the  mean  value  deter- 
mining  device  comprises  a  register  memory  having 

io  n  memory  locations,  an  address  generator  for  gen- 
erating,  in  synchronism  with  the  taking  of  each  of 
the  kth  (1  £  k  2  n)  sampling  value  by  the  sampling 
unit,  each  time  a  kth  address  for  addressing  the  kth 
memory  location  of  the  register  memory,  and  a 

75  counter  which  is  connected  to  a  data  port  of  said 
register  memory  and  to  an  output  of  the  sampling 
unit,  which  mean  value  determining  device  is  suit- 
able  for  presenting,  in  response  to  the  presentation 
of  a  sampling  value  originating  from  the  sampling 

20  unit,  the  contents  of  the  addressed  memory  loca- 
tion  to  the  counter  which  is  suitable  for  adding  the 
sampling  value  presented  to  said  contents  pre- 
sented,  which  mean  value  determining  device  is 
also  suitable  for  storing  the  addition  result  of  the 

25  counter  at  the  addressed  memory  location. 
11.  A  monitoring  device  as  claimed  in  any  one 

of  the  preceding  Claims,  characterized  in  that  the 
sampling  unit  samples  the  wave  group  received 
with  a  frequency  which  is  a  multiple  of  the  pulse 

30  frequency  of  the  transmitted  pulse  train. 
12.  A  monitoring  device  as  claimed  in  Claim  9, 

characterized  in  that  the  sampling  frequency 
amounts  to  three  times  the  pulse  frequency  of  the 
transmitted  pulse  train. 

35  13.  A  monitoring  device  as  claimed  in  Claim  3, 
characterized  in  that  said  series  of  code  numbers 
comprises  a  first  code  number  which  represents 
the  disappearance  of  the  wave  group  received  and 
a  second  code  number  which  represents  a  phase 

40  jump  in  a  signal  component  in  the  wave  group 
received,  the  control  unit  being  suitable  for  activat- 
ing  a  warning  signal  if  within  a  cycle  said  first  or 
second  code  number  has  occurred  a  number  of 
times  which  exceeds  a  predetermined  number. 

45  14.  A  monitoring  device  as  claimed  in  any  one 
of  the  preceding  Claims,  characterized  in  that  the 
control  unit  comprises  an  amplitude  control  signal 
generator  for  generating  a  series  of  amplitude  con- 
trol  signals,  each  control  signal  of  the  series  in- 

50  dicating  a  well-defined  amplitude  of  the  pulses  of 
the  pulse  train  to  be  transmitted,  which  monitoring 
device  comprises  a  control  circuit,  a  control  input 
of  which  is  connected  to  the  amplitude  control 
signal  generator  in  order  to  receive  amplitude  con- 

55  trol  signals,  an  output  thereof  being  connected  to 
the  transmitter,  which  control  circuit  comprises  ad- 
justing  means  for  adjusting,  under  the  control  of  a 
control  signal  received,  the  pulse  amplitude  of  the 

12 
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pulse  train  to  be  transmitted  to  a  level  indicated  by 
the  control  signal  received,  which  control  unit  is 
suitable  for  verifying,  during  an  adjustment  phase 
of  the  monitoring  device,  whether  an  amplitude 
adjusted  by  means  of  a  selected  amplitude  control  5 
signal  will  lead  to  the  predetermined  criterion  being 
exceeded,  and  for  selecting,  when  the  criterion  is 
exceeded,  a  further  amplitude  control  signal  which 
represents  a  higher  amplitude. 

15.  A  monitoring  device  as  claimed  in  Claim  10 
14,  characterized  in  that  the  control  unit  comprises 
a  re-adjustment  unit  which  comprises  a  first  coun- 
ter  for  counting  the  total  number  of  times  that  code 
numbers  representing  a  shift  in  time  which  deviates 
from  zero  have  accurred  within  a  number  of  cycles,  75 
which  re-adjustment  unit  is  connected  to  the  am- 
plitude  control  signal  generator  and  is  suitable  for 
selecting  an  amplitude  control  signal  indicating  a 
lower  and  a  higher  amplitude,  respectively,  if  said 
total  number  of  times  within  a  further  predeter-  so 
mined  number  of  cycles  is  smaller  and  larger, 
respectively,  than  a  predetermined  number. 

16.  A  monitoring  device  as  claimed  in  Claim 
14,  characterized  in  that  said  series  of  code  num- 
bers  comprises  a  first  code  number  which  repre-  25 
sents  the  disappearance  of  the  wave  group  re- 
ceived,  the  control  unit  being  suitable  for  selecting 
a  further  amplitude  signal  which  represents  a  high- 
er  amplitude  if  the  first  code  number  occurs  more 
often  than  a  predetermined  number  of  times.  30 

17.  A  monitoring  device  as  claimed  in  Claim  14 
or  16,  characterized  in  that  the  control  circuit  com- 
prises  a  parallel  connection  of  resistors,  each  of 
which  has  a  different  resistance  value,  each  resistor 
comprising  a  first  connection  wich  is  connected  to  35 
a  switching  element  which  comprises  a  control 
input  for  receiving  the  amplitude  control  signal,  a 
second  connection  being  connectable  to  a  power 
supply  for  the  transmitter. 

18.  A  monitoring  device  as  claimed  in  Claim  40 
15,  characterized  in  that  the  re-adjustment  unit 
comprises  a  second  counter  and  a  third  counter  for 
counting  the  number  of  times  that  said  total  num- 
ber  of  times  is  smaller  and  larger,  respectively, 
than  said  predetermined  number,  which  second  45 
counter  and  third  counter  supply  a  first  control 
signal  and  a  second  control  signal,  respectively, 
when  said  further  predetermined  number  is  ex- 
ceeded. 

19.  A  monitoring  device  as  claimed  in  Claim  15  50 
or  18,  characterized  in  that  the  re-adjustment  unit  is 
suitable  for  checking,  under  the  control  of  a  first 
control  signal  and  a  second  control  signal,  respec- 
tively,  received,  whether  the  selected  amplitude 
control  signal  represents  the  lowest  and  the  highest  55 
amplitude  value,  respectively,  and  for  keeping  the 

selected  amplitide  control  signal  the  same  if  it 
represents  such  a  lowest  amplitude  value  and  high- 
est  amplitude  value,  respectively. 

20.  A  central  unit  for  use  in  a  monitoring  device 
as  claimed  in  any  one  of  the  preceding  Claims, 
characterized  in  that  the  control  unit  comprises  a 
microprocessor. 

13 
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